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1. Motivation

Fluid-structure interaction problems (FSI) are coupled systems that
describe the interaction of some movable or deformable structure with a
fluid flow. Fluid-structure interactions are a crucial consideration in the
design of many engineering systems, e.g: aircraft, spacecraft, engines
and bridges. Failing to consider the effects of such interaction can be
catastrophic, especially in structures comprising materials. For instance,
the first Tacoma Narrows Bridge is probably one of the most infamous
examples of large scale-failure.
The collapse of the Tacoma Narrows Bridge on November 7, 1940

Fluid-structure interaction problems play aslo a major role in appropriate
modeling of blood flow. Blood vessels act as compliant tubes that change
size dynamically when there are variations of blood pressure and flow ve-
locity.
In this work, we study a nonlinear moving boundary fluid-structure inter-
action problem between a viscous, incompressible Newtonian fluid, mod-
eled by the Navier-Stokes equations, and an elastic plate. The fluid and
the structure are coupled through two coupling conditions: the Navier
slip boundary condition and the continuity of contact forces at the fluid-
structure interface. The Navier slip boundary conditions state that the
slip between the tangential components of the fluid and structure veloci-
ties is proportional to the tangential components of the fluid normal stress
evaluated at the fluid-structure interface, while the normal components of
the fluid and structure velocities are continuous. The main motivation
for using the Navier slip boundary condition comes from studying FSI
problems involving elastic structures with "rough" boundaries, for exam-
ple when studying FSI between blood flow and cardiovascular tissue that
involve cells on tissue which interact with blood flow at the boundary. An-
other motivation for using the Navier slip boundary condition comes from
studying FSI problems near a contact or a collision of the structure at
the fluid boundary.

Fluid-solid interaction schema

It has been recently shown that the no-slip condition or Dirichlet condi-
tion is not a realistic physical condition. In fact, if we consider no-slip
boundary condition, it was shown that smooth rigid bodies can not touch
each other. An explanation for the no-collision paradox is that the no-slip
boundary condition does not describe near-contact dynamics well.

2. Problem setting

We suppose that an incompressible fluid fills a 3D periodic container
whose upper boundary is made of an elastic structure denoted Γ(η)

where η stands for the transversal deformation of the structure, while we
assume that the domain cavity is fixed.
The fluid domain denoted Ω(η(t)) depends on time since it depends on
the structure displacement η.

The domain’s configuration at time t:
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The fluid’s equation

The velocity-field of the fluid denoted by U and its internal pressure P
which satisfy{

∂tU + (U · ∇)U − ν∆U +∇P = 0, t > 0, x ∈ Ω(η(t)),
∇ · U = 0, t > 0, x ∈ Ω(η(t)).

The positive constant ν represents the viscosity of the fluid.

The structure’s equation

The structure motion is given by a linear damped plate equation

∂ttη + ∆2η −∆∂tη = Hη(U, P ), t > 0

The fluid and the structure equations are coupled through the source term
Hη(U, P ), which corresponds to the surface force exerted by the fluid on
the plate.

Navier boundary conditions

The fluid and the plate are coupled also through the following boundary
conditions

Un = 0 t > 0, x ∈ Γ0,
[2νD(U)n + β1U ]τ = 0 t > 0, x ∈ Γ0,

(U − ∂tηe3)n = 0 t > 0, x ∈ Γ(η(t)),
[2νD(U)n + β2 (U − ∂tηe3)]τ = 0 t > 0, x ∈ Γ(η(t)),

where βi ≥ 0, i = 1, 2 are the friction coefficients.

3. Main result

We obtained results on existence and uniqueness of strong solutions
to the system described above up to collision.
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